INTEGRATED CIRCUIT FOR OPTICM. ENCODER 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The presenL invention relates to an integrated circuit 
for an optical encoder, comprising a signal prpcsBBiua section 
for qenei:»ting a position detection signal from a detection 
signal of a light rer.«iving element, and more paxLicularly to 
an integrated circuit comprising a power source potential 
1«y«r whose potential Is pulled up to power source potential 
so DO to prevent light from entering the signal processing 
section Irom a lateral direction. 
Description of Related Art 

Optical encoders and integrated circuits for signal 
processing as described herein are used, for example, as 
position detection means for a printer head. An example 
structure and opera tioxi will generally be described with 
reference to the drawings. 

rig. 1 schematically shows o structure of a position 
detection neehani sin VP. ot a printer head. Including au 
iiiteyxation circuit for optical encoder 10. As shown in Fig. 
1, the position detection mechanisin 12 includes a light source 
14, a scaler 16, a light receiving element array 18, and a 
signal processing circuit 20, The belt-like scaler 16, which 
is movable in the directions of arrows In nr.r.ordance with, the 
movement of a printer h«ad (not shown) , alternately includes, 
for exanoJle, a light transmitting section tslit) 22 and a 
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light blocking section 23, which are equally sp ced along the 
longitudinal direction. The light source 14, the seal fir 16, 
and the ixght receiving element array 18 are positioned auch 
that light from the light source 14 passes through rh« light 
5 transmitting section 22 Lo Uie light receiving element array 
18 but is blocked by the light blocking section 24. as shovm 
in Fiq. 1, Lhe light receiving element array 18 and the signal . 
processing circuit 20 are integrated into an integrated 
circuit 10. 

10 Fig. 2 is a plan view (top view) schematically showiwg 

structures of the light receiving element array 18 and the 
signal processing circuit 20, and riy. 3 adiematically shows a 
structure of the signal processing ftl rfiuit 20 for generating a 
position detection signal based on a detection signal from the 

IS light receiving element array 18 of Fig. 2. In the example 
shown in Fig. 2, the light receiving element array 18 
comprises light receiving elejuenls (photo diodes, for example) 
26a, 26b, which belong to a plurality of groups (though only 
Lwo groups arts 6ho%«j in Pig. 2), and these light receiving 

20 elements (namely, light receiving elements 2ba of the first 
group and lighL receiving elements 2Cb of the second group) 
are alternately arranged in a line along the moving direction 
of the scaler 16. As shown in Fig. 3, signals output from the 
light receiving elements 26a and 26b of the first and second 

25 groups arc then amplified by amplifiers 28a and 28b, 

respectively, and ouLpuLa Iiom the amplifiers 20a and 28b are 
eonyared in a comparator 30. The signal generating nlrruit 2U 



then generates a position detection signal based on the 
comparison resulL output by the coroparator 30. 

Fig. 4(8) is an explanatory v1«w showing an exaaqple of a 
position deLecUwi signal generated by the position detection 

5 mechanism 12, specifically sr. output of the signal processing 
circuiL 20, in association with the structure of the scaler 
, ifi. As Rhovm in Fig. 4(a), an example poslLioi* a«tection 
signal rises to a high level (H) when the light transmi rr.ing 
section of the scaler 16 transmi Ls light and drops to a low 

10 level (L) when light blocking section of the scaler 16 blocks 
light. From the number of pulses and phases of the position 
detection signal can be found the position to which the 
printer head has moved relative to the original point and its 
rst.ft of movement. 

15 oomc cases, however, ringing noise as shown in Fig. 

4(b) is mixed in the posi Lion detection signal generated by 
the position detectinn Tn«r.hanism 12. in researching this 
noise, the present inventor has fovmd that one factor 
contributing to such ringing noise is power source noise 

20 entering from the region where the light receiving element, 
array IB is electrically coxiuecLeU to the signal processing 
circuit 20. This will be described in detail with r«fftrence 

to the drawings. 

Ac shown in Fig. 2. a power sovirce pot«ntial layer. 32 is 
Z5 provided alouy the periphery of the signal proceooing circuit 
20 so as to rednre light entering the clrculTi from the laLeial 
direction. The power source potential layer 32 is a belt-lil:e 
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3ayer (a layer having a nature similar to that of a conductor 
formed by epitaxiol growing) formed on a snibsT.rate, and the 
potential of the power source potential layer 32 is pulled up 
to power source potential (namely, pow«r source potential is 
5 applied to the power Bource potential layer 32 by connecting 
the power oource potential layer to thft power source via a 
. resistor) . The entire top surface of the ©ignal processing 
circuit 20 is covered with a light shielding layer so an to 
reduce light entering the circuit from above. 
10 Fig. ^ ts an enlarged plan view showing the boundary 

region L of the signal processing circuit PO on the side of 
the light receiving elemeaL array 18, and Fig. 6 io o cross 
sectional view taken along line A-A of Fig, 5. As is ulearly 
shown in these drawings, in the region L, a connection line 34 
wh^ch ftlectrically connects each light reweiving element 26a, 
26b with the interior of the signal processing cirnUt 20 is 
Torroed to have a multilayer structure. More specif icAlly, the 
connection line 34 includes a first condnr.tive layer 36 
connected to eticli light receiving element 26o, 26b, a second 
conductive layer 3B connecting each group of the first 
conductive layers 36, and a through hole 40 connecting these 
two r.onductive layers 36 and 38. Thus, by Toruiing the first 
conductive layer 36 ond the second conductive layer 38 as 
ditterent layers located at different helyhts to achieve a 
25 three dimensional layout, the connection lines 34 are 

separated for eaUi yroup. Further, in the region both the 
first conductive layer 36 and the ser.onri conductive layer 38 
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are formed ©bove the power courcc potential layer 32 . These 
layers may b« separated by an insulaLinq layer as necessary. 
Fig, 5 does not ohow an insulating layer in order to sltnpUty 
r.hR drawing. 

5 As shown in Fig. 6, on the substrate 42, the pftWftr jsource 

potential layer 32, an Insulatinq layex- (sudi as Si02) 44, the 
firet conductive layer 36, an insulating layer (snrh as Si02) 
4 6, the second conducLive layer 38, an insulating layer (auch 
as Si02) 48, the light .shielding metal layer 50, and an 

10 iasulaUng layer (such as 0iO2) 52 are sequentially formed in 
this order using a known roanuracturlng process. The present 
inventors have recognized that, with such a structure, the 
ract rha-C the first conductive layer 36 and the power source 
potential layer 32 are located at a relatively small distance 

15 with only the insulating layer 44 being interposed between 
them rontributes to the problem or noise, specifically, in 
auch a structure, power source noise is transported from the 
power source potential layer 32 to the flrsL conductive layer 
36, where the noise is suporin^>osed on a detpr.tl on signal 

20 supplied £roiU Lhe light receiving element 26a, 26b. Further, 
because the amplifiers 2Ba, 2Hb within T.he signal processing 
circuit 20 are high-gain amplifiers, even Q small noiso mixed 
in these amplitiers is amplified to a significant degree. 

25 SUMMT^RY OT THE INVENTION 

In accordance with one asp ct of the present invention, 
there is provided an integrated circuit fur an optical 
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encoder, said circuiL conrprising a signal proccseing section 
for generating a position detection signal from a deLecLion 
signal of a light receiving element/ a belt-like power source 
potential layer formed at iftasr between the signal processing 
secLion and the light receiving clement, potential of the 
power source potential layer being pulled up to power »«urce 
potential; and a plurality of conductive layers formed at 
differeni- height in higher places than the powei. source 
potential layer, wherein a connection line which intersects 
the power source potenLial layer above the power source 
potential layer for electrically connecting the light 
recelvinq elexuent and the signal processing section is formed 
by a conductive layer o± the plurality of conductive layers 
other than the lowermoot layer, in a region immediately above 
15 the power source potential layer. 

In such an integrated circuit for an optical encoder, the 
width oJC the power source potential layer in the region where 
the power source potential layer intersects the connection 
line may be configured to be smaller than the width of the 
20 power source potential layer in the remaining region. 

In accordance with another aspect of the present 
invention, there is provided au integrated circuit for an 
optical encoder, said circuit comprising a group of lower 
conductive layers including d lower conductive layer connected 
25 to each of light receiving elewftnts belonging to a first group 
yl light receiving elements and a lower conductive layer 
connected to each of light receiving elements belonging to a 
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cccond gro«p of lia>^t r*»rpiv1na fiiements. the lower conducLive 
layers beinq alternately disposed in parallel to each other; 
two upper condoetive layers disposed in parallel to each ether 
at locaLiuus higher than the lower conductive layers and which 
are providAd r.or responding to the two groups wf light 
receiving elements, respectively, each upper conductive lay«r 
inr.lufling a firsr region extending in LUe direction 
intersecting the extending direction of the lower ror.dur.tive 
layers and. a second tegion extending along the extending 
direction of the lower conductive layers; a plurality or 
through holes connecting the lower conductive layers 
corresponding to each group of light receivinq eleoieuts with 
the corresponding firet region of the upper conductive 1 ayflr; 
and a power source potential layer ptuvided in an even lower 
15 place than the lower conductive layftrs, the power source 

potenLial layer extending in the direction which intersects 
the extending direcrion of rhe lower conductive layers ciiid 
crossing the second region of the upper conductive layer under 
T.he second region of the upper conductive layer, without 
20 croBBing the lower conductive layers. 

Also in such an inteyxated circuit for an optical 
encoder, the width of thfi power source potential layer in the 
poxtion crossing the second region of the upper conductive 
layer under the ser.nnri region of the upper conductive layer 
may be configured to be smaller than the with of the power 
sourne potential layer in the remaining region. 
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BRIEF DEGCRIPTION OF THE DRAWINGS 
Fig. 1 scheroaticaily shows a structure ol a position 
detection meclianism of a printer head including an integrated 
circuit for an opticaJ encoder; 
5 Fig. 2 is a plan view ochcanatically showing structurftfi ot 

a light receiving element array and a siqnal piocessing 
circuit of an integrated circuit for an optical encoriftr; 

Fig. 3 is a view schematically showing the signal 
proceecing circuit for generating a position detection signal 

I 

10 based on a detection yiynal of the light receiving clement 

array of Fig. 2; 

Fig. 4(a) is an explanatory view showing an exan«Dlo of a 

petition detection signal by output by Llie position detection 

mechanism in aocociation with the structure of th« ftr.aier; 
IS riq. 4(b) is a view sliowixig a state in which ringing 

nois© is created in the pn.sition detection Signal of Flq. 

4(a)/ 

Fig. b is an enlarged plan view showing a boundary region 
of the aignal processing circuit of Fig. 2 on the sidft of the 
20 light receiving element array; 

Fig. 6 is a cross sectional view taken ainng line A-A of 

Fiq, 5; 

Fig. 7 is an enlarged plan vi ftw showing a boundary 
reqloiir vu the side of the light receiving element array, of a 
25 signal processing nircuit included in an integrated circuit 

fQj- optical encoder according to one embodiment of the present 
invention; 
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Fig. B is a cross sectional view taken along line R-R ot 
Pig. 7; 

rig. 9 is en enlarged plan view showing a boundary 
region, on rh« side of the light receiving element array, of a 
signal processing circuit included in an integrated circuit 
for optical encoder accordinq Lo another embodiment of the 
present invention; and 

Fig. 10 is a cross sectional view taken along lino C-C of 

Fig. 9. 

DETAILED DESCRli"llUN OF THE PREFERRED EMBODIMENT 
Preferred embodiments of the present invention will b« 
described in further deLiil with reference to the accompanying 
drawings. 

anbediment 1 

Fig. 7 io an enlarged plan view showing a wain portion ot 
the boundary region (correspoiidixiy to the region L in Fig. 2) , 
on the side of the light receiving element array 18, of the 
Signal processiiig circuit included in en integrated circuit 
for optical encoder in accordance wirh a first embodiment of 
the present invention, and Fig. 8 is a crooe sectionAl view 
taken along Jin*» h-h of Fig. 7. The integrated circuit for an 
optical encoder according to the present embodiment can be 
formed to have a structure similar to that or the conventional 
circuit described above except the region L. Therflfore, in 
the following description, similar elements are denoted by the 
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same nmerals as used in Lli« -bove description, end will not 
be described again. 

Although Lhe structure of the present embodiment is 
eiiailar to the conventional striirrure shovm in Figs. 5 and 6 
with rasped to the layout of the connecting portion of the 
first conductive layer 3fi and the .lecond conductive layer 38, 
it differs from the conventionol otructure In that the first 
conductive layer 3b is formed such that the first conductive 
layer 36 does not overlap the power source potential layer 
32a. in other words, accordinq Lo Llie pxesent embodiment, a 
portion of the power source potential layer 37.a is removed, so 
that in the regiu" 54 iimaediately above the power source 
potential layer 32a, a layer (the second conductive layej: 38 
in the present example) other than the lowermost layer of the 
plurality of conductive layers, is used as a connection line 
34 extending across the power potential layer 32a. As 
described above, according to the present embodiment, the 
power source potential layer 32a is kept as tar away from the 
connection line 34 as possible, so that atray capacitance 
between these layers is reduced and noise is prevented li-oiu 
entering the connection line 34 from the power source 
potential layer 32a via this sLray capcicitance . 

Further, according to the present einbodiment, the width 
Wdl of the power souxce potential layer 32a in the above 
described region having a cutout portion is made smaller than 
the width WdO of the remaining region. In this manner, the 
region where thft power source potential layer. 32a overlaps the 
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coTiner.ti«n line 34 (whicn is, in this case, the second 
conductive layer 38) is made siaaller to further reduce i-hA 
Stray capacitance, thereby aUaieving further reduction in 
noioc entering from the power source potential layer 32a to 
5 the connection line 34. 

• EmbodimenL 2 

Fig. 9 is an enlarged plan view showing a main portion of 
the boundary region (corresponding to the region L in Fig. 2), 

10 on fh« Rld« ot the light receiving element array 18, or Uie 

signal processing circuit included in an integratec^ circuit: in 
accordance with a second embodimeaL of Uie present invention, 
and Fig. 10 is a cross sectional vifiw taken along line C-C of 
Fiy- 9. The integrated circuit according to the second 

lb embodiment can also be formed to have a structure sliuil-i to 
that of the firet embodiment described above, except the 
region L. Thererore, lii Uie following description, similar 
elements are denoted by the same numerals as ns«d above, and 
their description will not be repeated. 

20 As shown in Fig. 9, although the layout of the connecting 

portion of the first conductive layer 36 and the second 
conductive layer 38 is the same as that shown in Fiqs. 7 end 
e, the second embodiment differs from the first embodiment in 
that these connection structures are shifted toward the lighL 

25 receiving element array 18 from the location of the connRCtion 
structures shown la Fiy. 7. According to the present 
embodiment, similar to the first embodiment, in the region 56 
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ixuiaeaiately above the power potential layer 32b, the low noost 
layer (which is the first conductive layer 36 ol Lhe present 
enODodiment) of the plurality of conductive layers is not 
disposed, and a layer (which Is the second coxiUuctive layer 30 
in the present embodiment) other than the lowermost layer is 
usRd as a connection line 3« which extends across Lhe power 
potential layer 32b in this immediately above region 56. As 
described above, according Lo Lhe pieeent embodiment, similar 
to the first embodiment, thft power source potential layer 32b 
i6 kept as for away from the connection lino 34 ae possible, 
so that srray capacitance between these layers is reduced and 
noiae is prevented from entering the connection line 34 from 
the power source potential layer 32b via Lhi» stray 
capacitance . 

Further, in the present embodiment, a portion of the 
power source potential layer 32b is removed only in the 
portion where the power source potential layer 32b intersects 
the connection line 34, so that the width Wdz of Lhe powe* 
source potential layer 32b in the region having thR cutout 
poiLiou is smaller than the width WdO of the remaining portion 
(namely, the portion wherA The power source potential layer 
32b does not cross the connection line 34) . Thus, tlie region 
where the powflr source potential layer 32b overlaps the 
connection line 34 (which is, in thie caoe, the occond 
25 conductive layer 38) is made smaller to rurther reduce the 
atray capacitance, thereby achieving further reduction in 
noise entering the connection line 34 from the power source 
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potential layer 32b. 

While the preferred eniboaiments of the present invention 
have been dcocribcd, the present invention "is not ixmited to 
rhe above embodiments; Tot example, although in the exoii«>le6 
used to illustrate both of the above embodiments two 
conductive layers are used as the connection line, the method 
is also applicable when thrftfi or more conductive layers are 
used. FurLhex, the structure of the present invention may be 
adopted to ar^y type ot integrated circuit In which a plurality 
of conductive layero ore formed at locations higher than at 
least Che power source poLeuLial layer and at least one of 
these conductive layers is uses as a ronnection line 
in Lex sec ting the power source potential layer, regardless of 
the number of coTinection lines and the connecting structure of 
15 the conductive layero. 

According to the present invention, because, in the 
region where a connection line for connflrt-.lng a light 
receiving element and t* signal processing section thereof 
intersect each other, stray capacitance between the power 
20 Boarce potential layer and the connection line can be reduced, 
it Js possihlft r.o reduce power source noise entering the 
connection line from the power source potential layer. This 
makes It possible to increase Llie position detection accuracy 
of tho optical encoder or improve the reliability of tb« 
25 Signal processing aeuLion and the light receiving elemento. 
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